Introduction {#S0001}
============

Gestational diabetes mellitus (GDM) is diabetes that occurs or first diagnosed during pregnancy. The incidence of GDM is about 2.3--29.6% in different ethnic groups, and it has increased significantly in recent years.[@CIT0001] At present, 2 h, 75 g oral glucose tolerance test at 24--28 w is used to diagnose GDM in China. Pregnant women with any one of three blood glucose values that are before or 1 or 2 h after taking sugar reaching or exceeding 5.1 mmol/L, 10.0 mmol/L, and 8.5 mmol/L, respectively, are diagnosed GDM.

GDM is associated with a range of short- and long-term adverse outcomes for the mother and the fetus.[@CIT0002],[@CIT0003] The cumulative incidence of type 2 diabetes mellitus (T2DM) in GDM pregnant women within the ten years of delivery can be as high as 60%.[@CIT0004],[@CIT0005] Pregnant women with GDM have a significantly higher risk of giving birth to high or low birth weight babies,[@CIT0006],[@CIT0007] who are another potential cause of diabetes.[@CIT0008],[@CIT0009] Normal-weight infants born to GDM mothers had a higher incidence of obesity and impaired glucose tolerance during puberty than normal-weight infants born to mothers with normal blood glucose.[@CIT0010] This shows that GDM can be an important cause of the increased prevalence of type 2 diabetes, and early detection and intervention of GDM pregnant women are crucial ways to reduce the incidence of type 2 diabetes.

The increased risk of GDM is associated with a variety of factors, including maternal age ≥35 years, excess weight or obesity before pregnancy, polycystic ovary syndrome, family history of diabetes---especially in first-degree relatives, GDM, and macrosomia delivery history. Excessive body fat is a significant risk factor for GDM.[@CIT0011] A few studies investigated the association between adiposity and gestational diabetes mellitus. Visceral and abdominal subcutaneous fat thickness measured by ultrasound during the first trimester of pregnancy may be associated with the risk of developing GDM during the second trimester of pregnancy.[@CIT0012]--[@CIT0016] Nassr showed that body fat index, which is calculated by multiplying the thickness of pre-peritoneal by that of subcutaneous fat and then dividing by the patient's height, is an excellent predictor of the development of GDM.[@CIT0017]

Conventional methods for assessing body composition in pregnancy include anthropometry, density measurement, and hydrometry. Bioelectrical impedance analysis (BIA) is a hydrometric method, and it allows accurate estimates of body composition early in pregnancy (14 weeks), as confirmed by comparison to deuterium dilution.[@CIT0018] BIA is widely used for measuring body composition in China due to its inexpensiveness and practicability.

Abnormal body composition (high body fat and low skeletal muscle mass percentage) caused by excessive diet and a sedentary lifestyle can be corrected. If the value of abnormal body composition in GDM prediction can be clearly established, it can be used to begin early intervention to prevent the occurrence of GDM rather than intervene after it occurs. We here aimed to investigate the relationship between body composition measured by BIA at 13 weeks of pregnancy and GDM diagnosed during the late second trimester.

Subjects and Methods {#S0002}
====================

Study Design {#S0002-S2001}
------------

This study retrospectively recruited pregnant women who delivered in Guiyang Maternal and Child Health Care Hospital (Guizhou Province, China). Written informed consent was obtained from all participants. The study was approved by the ethics committee of Peking Union Medical College Hospital (Protocol ID: S-K443) and in accordance with the Declaration of Helsinki.

Participants {#S0002-S2002}
------------

A total of 5127 healthy pregnant women with low-risk pregnancies delivered in Guiyang Maternal and Child Health Care Hospital from January 2018 to May 2018. Since many pregnant women do not attend antenatal care at the same hospital throughout their pregnancy, which results in incomplete information, and only some of them agreed to undergo body composition testing, a total of 1,745 pregnant women had complete prenatal follow-up records in this hospital. Excluding 34 pregnant women with non-singleton and 393 pregnant women for whom oral glucose tolerance test (OGTT) records were not available, a total of 1318 pregnant women were included in the study ([Figure 1](#F0001){ref-type="fig"}). The obstetric records of parturient and the hospital records of newborn were extracted from the prenatal care manual and discharge summary. All participants underwent a diagnostic 2 h 75 g OGTT between 24 and 28 weeks. Women with at least one elevated glucose value based upon the IADPSG criteria (fasting≥5.1 mmol/L (92 mg/dl), 1 h≥10.0 mmol/L (180 mg/dl), or 2 h≥8.5 mmol/L (153 mg/dl)) were diagnosed with GDM. All other results were considered normal glucose test results (NGT). The exclusion criteria were as follows: (i) non-singleton pregnancy, (ii) pregnancies complicated by pre-gestational or gestational systemic diseases, such as hypertension, thyroid disorder, genetic history, infection or hepatitis, (iii) overt diabetes, (iv) evidence of congenital fetal malformations detected by ultrasonography, and (v) polyhydramnios.Figure 1Flowchart showing enrollment in the study.

Sample Size and Power Calculation {#S0002-S2003}
---------------------------------

The sample size of the cohort was designed to detect a minimal odds ratio (OR) of 1.85 for GDM in overweight pregnant women during the first term of pregnancy, which was referred to previous study that reported OR values ranging from 1.85 to 5.70 in overweight pregnant women.[@CIT0019]--[@CIT0021] The sample allocation ratio between two groups was set at 5 with the incidence of GDM being about 20% in China.[@CIT0022]--[@CIT0024] The calculation also took into account other parameters, including an expected prevalence of GDM in normal-weight women of 10.0%, a power of 80.0%, and a two-tailed α of 0.05. Based on these prerequisites, the theoretical sample size is 1242, consisting of GDM group 207 and control group 1035. We finally included 1318 pregnant women, including 249 diagnosed as GDM and 1069 normal. For power analysis, given the above common parameters, we validated our sample size was able to achieve 85.27% power to detect an odds ratio in the group proportions of 1.85. All calculations were performed by PASS 15 software (NCSS, LLC. Kaysville, Utah, USA. [[www.ncss.com](http://www.ncss.com)]{.ul}).

Measurements {#S0002-S2004}
------------

Maternal age, height, pre-pregnancy body weight, and neonatal body weight were recorded. Body composition was measured in fasting and after urination by using the Body Composition Analyzer (Inbody720, Korea) according to the manufacturer's instructions in 13 weeks of pregnancy. Maternal age was classified as "≥25 years" and "\<25 years". Body mass index before pregnancy (Pre-BMI) was calculated using weight in kilograms during the three months before pregnancy, which was self-reported by the participants, divided by the square of the patient's height in meters (kg/m^2^). Pre-BMI was categorized into 3 groups according to the standard of BMI for Chinese adults proposed by the Working Group on Obesity in China (WGOC): underweight (\<18.5 kg/m^2^), normal (18.5--23.99 kg/m^2^), overweight (≥24 kg/m^2^). Fat mass index (FMI) was calculated using fat mass in kilograms measured by BIA in 13 weeks of pregnancy divided by the square of the woman's height in meters (kg/m^2^). Fat mass percentage (FMP) and skeletal muscle mass percentage (SMMP) were calculated using fat mass and skeletal muscle mass in kilograms as measured using BIA in 13 weeks of pregnancy divided by the body weight, respectively. FMP was categorized into 3 groups: insufficient (\<18%), normal (18--28%), and excess (\>28%). Macrosomia was defined as birthweight of more than 4000 g and low birth weight as lower than 2500 g.

Statistical Analysis {#S0002-S2005}
--------------------

Results are expressed as the mean ± standard deviation (SD). The relationships between GDM and clinical data, including age, FMI, FMP, SMMP, pre-BMI, were evaluated using Spearman's rank correlation analysis. The chi-square (~χ~^2^) test was used to conduct statistical comparisons of categorical data. The independent sample *t*-test was carried out to assess the differences among continuous data. Logistic regression analysis was performed to assess the potential predictors for the development of GDM. Factors found to be statistically significant according to univariate logistic regression were considered confounding variables in the multivariable logistic regression model. The crude and adjusted odds ratios (OR) and 95% confidence intervals (CI) were calculated by univariate and multivariate logistic regression, respectively. The receiver-operating characteristic (ROC) curves were constructed to calculate the area under the curve (AUC) for different measures of pre-BMI and FMI in predicting GDM, and Delong's test was used to compare the areas under two ROC curves (Med Calc) named above. All analyses were performed using the IBM SPSS Statistics 21.0 (Armonk, NY, USA), and statistical significance was set at *P* \< 0.05.

Results {#S0003}
=======

Of the 1318 pregnant women, 249 were GDM, and 1069 were NGT. The prevalence of GDM was 18.9%. The demographic and clinical characteristics of the patients are presented in [Table 1](#T0001){ref-type="table"}. The participants in the GDM group tended to be older than those in the NGT group (32.6±5.1 vs 30.1±4.8). The FMI, FMP, and glucose of 3-point OGTT in GDM were higher than in NGT (*P*\<0.001), while the SMMP in GDM was lower than in NGT (*P*\<0.001).Table 1Comparison of Clinical Characteristics Between Pregnant Women with Normal Glucose Test and Gestational Diabetes MellitusNGT (n=1069)GDM (n=249)*p* valueAge (yrs)30.1±4.832.6±5.1\<0.001Pre-BMI (kg/m^2^)21.40±2.7623.25±3.50\<0.001Weeks^a^ (wks)11.8±2.011.9±2.10.654Fat mass index (kg/m^2^)6.00±1.917.14±2.26\<0.001Fat mass percentage (%)27.5±5.630.1±5.8\<0.001Skeletal muscle mass percentage (%)43.0±10.840.0±8.3\<0.001Glucose (0) ^b^4.51±0.295.22±0.62\<0.001Glucose (1hr) ^b^7.06±1.369.74±1.79\<0.001Glucose (2hr) ^b^6.30±0.978.17±1.51\<0.001Body weight of neonate3.27±0.473.30±0.420.244Macrosomia, n (%)41(3.8)9(3.6)0.871[^2][^3]

There was a positive correlation between GDM and age, pre-BMI, FMP, and a negative correlation between GDM and SMMP ([Table 2](#T0002){ref-type="table"}).Table 2Correlations Between GDM and Age, Pre-BMI and Body CompositionVariablesCorrelation Coefficient*p* valueAge0.165\<0.001Pre-BMI0.195\<0.001Fat mass percentage (%)0.157\<0.001Skeletal muscle mass percentage (%)−0.114\<0.001[^4]

Mothers over 25 years of age were more likely to have increased risk of GDM than those who were younger (20.0% vs 7.3%, *P*\<0.001) ([Table 3](#T0003){ref-type="table"}), even after adjusting for pre-BMI and FMP (adjusted OR=2.326, 95% CI 1.103--4.903) ([Table 4](#T0004){ref-type="table"}).Table 3Number and Percentage of Subjects in Different Age, Pre-BMI and Fat Mass Percentage GroupCharacteristicsNGT (n=1069)GDM (n=249)*p* valueNumberPercentage (%)NumberPercentage (%)Age (yrs) \<2510292.787.3-- ≥2596780.024120.0\<0.05^a^Pre-BMI (kg/m^2^) \<18.513287.41912.60.494^b^ ≥18.5 and \<2476685.313214.7- ≥2417163.69836.4\<0.001^b^Fat mass percentage (%) \<18%4285.7714.30.681^c^ ≥18% and \<28%53687.77512.3- ≥28%49174.616725.4\<0.001^c^[^5][^6] Table 4Crude and Adjusted Odds Ratios (OR) of the Risk Factors for Gestational Diabetes MellitusVariablesUnadjusted OR (95% CI)*p*-valueAdjusted OR (95% CI)Adjusted\
*p*-valueAge (yrs) \<2511 ≥253.178(1.526--6.616)0.0022.326(1.103--4.903)^a^0.027Prepregnancy BMI Normal11 \<18.50.835(0.499--1.398)0.4941.040(0.582--1.858)0.895 ≥24.03.326(2.440--4.532)\<0.0012.604(1.846--3.673)^b^\<0.001Fat mass percentage Normal11 \<18%1.191(0.516--2.748)0.6821.242(0.510--3.024)0.634 ≥28%2.431(1.803--3.277)\<0.0011.572(1.104--2.240)^c^0.012[^7]

Overweight women (pre-BMI≥24kg/m^2^) had a higher risk of developing GDM than women with normal pre-BMI (36.4% vs 14.7%, adjusted OR 2.604 (95% CI 1.846--3.673), controlling for age and FMP) ([Tables 3](#T0003){ref-type="table"} and [4](#T0004){ref-type="table"}). Pregnant women with FMP over 28% had a higher risk of developing GDM than women with normal FMP (OR 2.431, 95% CI 1.803--3.277). The risks were slightly lower after controlling for age and pre-BMI (adjusted OR 1.572, 95% CI 1.104--2.240) ([Table 4](#T0004){ref-type="table"}).

FMI showed a positive relationship to pre-BMI with a correlation coefficient of 0.925 ([Figure 2A](#F0002){ref-type="fig"}). ROC curve analysis showed that the AUC was 65.8% when GDM was predicted by FMI, which is comparable to BMI (67.2%), and the difference in AUC between FMI and Pre-BMI was not significant (*P*=0.093) as indicated by DeLong's method ([Figure 2B](#F0002){ref-type="fig"}).Figure 2Correlation between pre-BMI and FMI and receiver-operating characteristic (ROC) curve to predict GDM. (**A**) Correlation between Pre-BMI and FMI. There was a significant correlation between pre-BMI and FMI (r=0.925, p\<0.001). (**B**) ROC curve predicts the presence of GDM. The AUC of FMI and Pre-BMI is 0.658 (p\<0.001) and 0.672 (p\<0.001), respectively. The DeLong test shows that the difference of AUC between FMI and Pre-BMI is not significant (p=0.093).

Of the 1318 neonates, 50 had macrosomia, 31 were low birth weight, and the others were normal birth weight. The incidence of macrosomia was 3.8% (50/1318) in this study. There is no difference in the incidence of macrosomia between NGT or GDM group ([Table 1](#T0001){ref-type="table"}).

Discussions {#S0004}
===========

We performed a cross-sectional investigation on the association between body composition measured at 13 weeks of gestation and GDM confirmed at 24--28 weeks of gestation and found two main results. First, the prevalence of GDM was 18.9% using the International Association of Diabetes and Pregnancy Study Groups (IADPSG) criteria, and the risk of GDM increased with age, pre-BMI, and FMP but decreased slightly with SMMP. Second, when GDM was predicted by FMI, the AUC was 65.8%, which was comparable to that of BMI (AUC=67.2%).

Chinese pregnant women are at high risk of developing GDM. The prevalence of GDM is related to the criteria used. Before 2010, there was no unified method to diagnose GDM in China. After 2010, the IADPSG method was generally recommended to diagnose GDM. Studies in different regions show that the incidence of GDM among Chinese women is between 14.8% and 19.9%.[@CIT0022]--[@CIT0024] Our study also demonstrated that the prevalence of GDM in Guiyang in Guizhou Province was as high as 18.9%, which is comparable to that of other local and regional studies mentioned above.

Maternal age is a definite risk factor for GDM, but there is no consensus about the age above which the prevalence of GDM increases. Some studies have shown that the rate of GDM in women aged over 35 years old was higher than among those under 35,[@CIT0023] while others showed 25 years to be the lowest cutoff age for the screening for GDM. The recommendations of the American Diabetes Association,[@CIT0019] several previous studies, and this study indicated that an age of 25 years or older was associated with an increased prevalence of GDM. A study reported by Lao et al found that screening for GDM among patients 25 and older had a higher predictive value in recognizing GDM.[@CIT0020] A meta-analysis by Lee et al showed the OR of GDM among women 25 older to be 2.17.[@CIT0021] Our study found that women aged 25 years old and older had 2.499 times the chance of having gestational diabetes in comparison to those under 25 years.

Obesity in the period immediately before pregnancy is one of the main factors underlying the development of GDM. BMI is commonly used as a marker to assess the severity of obesity. In this study, the BMI cutoffs recommended by WGOC were used.[@CIT0025] We found the odds ratio for GDM to be 2.604 (95% CI 1.846--3.673) in overweight women (pre-BMI ≥24 kg/m^2^). Our results are consistent with those of previous studies in which the odds of pre-BMI ≥24 kg/m^2^ for GDM ranged from 1.85 to 5.7 in China.[@CIT0026]--[@CIT0028]

However, previous studies have shown that the Chinese population, like other Asian populations, has a lower BMI but a higher percentage of body fat than Caucasians of similar age and gender.[@CIT0029] BMI does not differentiate between bone, muscle, and fat mass, so a simple and inexpensive method of assessing fat mass may be better for predicting the development of GDM. Methods such as bioelectrical impedance analysis for the assessment of fat mass and fat-free mass in pregnant women in the body composition studies have been described.[@CIT0030]--[@CIT0035] Our study establishes that BIA is a feasible and reproducible method that can be used during pregnancy. We found pregnant women with FMP over 28% had a higher risk of developing GDM than women with normal FMP (adjusted OR 1.572, 95% CI 1.104--2.240). These results are similar to those of previous studies, in which the visceral fat mass,[@CIT0012] thickness of subcutaneous adipose tissue,[@CIT0015] and body fat index (thickness of pre-peritoneal fat (mm) × thickness of subcutaneous fat (mm)/height (cm)) were good markers for determining the risk of the development of GDM.[@CIT0017] We also found that SMMP was negatively correlated with increased risk of gestational diabetes. According to a study conducted by Kawanabe et al, inadequate appendicular skeletal muscle mass/fat mass ratio is a risk for the development of insulin resistance in Japanese patients with GDM.[@CIT0029] Unfortunately, we did not evaluate the relationship between SMMP and insulin resistance since insulin test is not included in the routine prenatal examination and we cannot extract the insulin results of the participants from antenatal records.

Our studies further established that the FMI has a positive correlation with pre-BMI (r=0.925) and is an excellent alternative to pre-BMI (AUC=67.2%) for prediction of GDM (AUC=65.8%). Although FMI did not show a stronger predictor of GDM than pre-BMI, it may be suitable for assessing the effectiveness of intervention measures for pregnant women. Wanget al found FMP was a better risk predictor of GDM than pre-BMI,[@CIT0030] which seems different from this study. The difference of the two studies is that Wang et al analyzed the prediction of FMP for GDM in the second trimester (G13-20w), while this study investigated the prediction of FMP for GDM in early pregnancy (\<G13w). According to the results of Wang's study and this study, it suggests that FMP be a risk predictor of GDM from early term of pregnancy, and as the gestational age increases, FMP becomes a stronger predictor of GDM than pre-BMI.

The incidence of macrosomia is between 3.1% and 7.8% in different parts of China.[@CIT0036]--[@CIT0039] Several studies have shown that excessive gestational weight gain (GWG) is associated with macrosomia, but pre-pregnancy BMI is not.[@CIT0036] Maternal lipid parameters were also found to be independent risk determinants of fetal overgrowth in pregnancies.[@CIT0040] Our results showed that the prevalence of macrosomia in Guiyang is 3.8%, which falls near the lower limit for incidence of macrosomia in China.

Several limitations of this study need to be mentioned. First, this is a retrospective study performed at a single center, and the findings need to be verified by other prospective cohort studies. Second, we focused only on the effect of maternal body composition during the first trimester of gestation on the development of GDM, and we did not evaluate any other clinical data such as the family history of diabetes, insulin level, lipid profile, or adipokine levels.

Conclusions {#S0005}
===========

The incidence of GDM in Guiyang was 18.9% as determined using the International Association of Diabetes and Pregnancy Study Groups (IADPSG) criteria. Age over 25 years and overweight or obese status immediately prior to pregnancy were all associated with a greater risk of GDM. The body composition in early gestation is associated with the risk of GDM. FMP over 28% was associated with the increased risk for developing to GDM and higher SMMP with a lower risk of gestational diabetes. The fat mass index in early pregnancy is a predictor of GDM, and it could be an indicator of intervention efficacy to reduce the risk of GDM.
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[^5]: **Notes:** ^a^Compared with age\<25 years old group. ^b^Compared with 18.5 kg/m^2^≤Pre-BMI \<24 kg/m^2^ group. ^c^Compared with 18% ≤Fat mass percentage \<28% group.

[^6]: **Abbreviations:** NGT, normal glucose test; Pre-BMI, pre-pregnancy BMI.

[^7]: **Notes:** ^a^Mothers over 25 years of age were more likely to have increased risk of GDM than those who were younger after adjusting for pre-BMI and FMP. ^b^Overweight women (pre-BMI≥24kg/m^2^) had a higher risk of developing GDM than women with normal pre-BMI after adjusting for age and FMP. ^c^Pregnant women with FMP over 28% had a higher risk of developing GDM than women with normal FMP after adjusting for age and pre-BMI.
